The determination of platelet serotonin (5-Hi) and plasma tryptophan concentrations is useful in the diagnosis, investigation of etiologies, and treatment of psychiatricdisorders. To determine the usual circadian variations in platelet 5-HT and free and total tryptophan concentrations, we measured these variables during 24 h at 1-h intervals and every 30 mm from 2000 to 0800 in seven clinically healthy young men with an HPLC method. No common circadian rhythm for platelet serotonin concentrations was observed in our subjects; however, there was a distinct rhythm for both free and total plasma tryptophan: Concentrations were maximal in the afternoon and minimal during the night. Currently, results from studies of the daily patterns of these variables are contradictory.
The determination of platelet serotonin (5-Hi) and plasma tryptophan concentrations is useful in the diagnosis, investigation of etiologies, and treatment of psychiatricdisorders. To determine the usual circadian variations in platelet 5-HT and free and total tryptophan concentrations, we measured these variables during 24 h at 1-h intervals and every 30 mm from 2000 to 0800 in seven clinically healthy young men with an HPLC method. No common circadian rhythm for platelet serotonin concentrations was observed in our subjects; however, there was a distinct rhythm for both free and total plasma tryptophan: Concentrations were maximal in the afternoon and minimal during the night. The aim of this study was to determine the 5-LIT and tryptophan profile over a 24-h period in clinically healthy subjects in controlled environmental conditions (diet, temperature, and activity).
Materials and Methods
Subjectsand Blood-Sample Procedure Seven clinically healthy young men, ages 23-32 years (mean ± SD, 27 ± 2.8 years), were studied between January and March 1992. All were students or members of the hospital staff and were nonsmokers. They had given their written informed consent; the study protocol was approved by the Local Ethics Committee. Medical examination revealed no illness at the time of the study, and no subject had required treatment with drugs for at least 1 month before the study. The subjects had no history of psychiatric disorders.
They volunteered to spend 24 h (from 1200 to 1200) at the hospital in a special unit reserved for the experiment. They were submitted to a standardized schedule that consisted of balanced meals served at 1230, 1930, and 0800. They were allowed to study in their room during the afternoon and to watch television in the evening. Light was turned off in the bedroom from 2300 to 0700. In their own opinion, they slept well and were not awakened by blood The samples (5 mL) were drawn every hour from 1200 to 2000, every half-hour from 2000 to 0800, and then every hour from 0800 to 1200.
Sample Preparation and Methods
Samples were kept at room temperature and treated immediately after sampling 1 mL of whole blood was taken from each tube for the separation of free tryptophan, and the remaining whole blood was centrifuged for 15 mm at 120 x g at room temperature (in a Jouan CT 411 centrifuge;
Jouan, Saint-Herblain, France) to obtain platelet-rich plasma (PRP). We removed 1.25 mL of PRP from each tube. We counted the platelets in 0.05 mL and centrifuged the remaining 1.2 mL for 20 mm at 1100 x g to obtain the platelet pellets and platelet-poor plasma (PPP), which was divided into two tubes of -0.500 mL each. Platelet pellets and PPP were frozen at -70 #{176}C until analysis. We used platelet pellets to determine platelet 5-HT content and PPP for total tryptophan and cortisol measurement. We used a method based on ultrafiltration by centrifugation to isolate free tryptophan: Blood (1 mL) was poured into special plastic tubes (Centrisart 1; Sartorius, Gettingen, Germany); then the floater, with a membrane to retain molecules with aM >5000, was inserted into the tube and allowed to slide down onto the surface of the blood. The tube was carefully capped to avoid changes in pH and was centrifuged for 30 mm at 2500 x g at 4#{176}C. at 2500 x gfor 15mm, and stored at -70#{176}C until assay. The platelet 5-LIT content and free and total plasma tryptophan concentrations were determined by HPLC with the same method (1), but with two differences: Amperometric detection was used to assay 5-LIT and absorbance detection at 280 nm to assay tryptophan; the mobile phase for tryptophan measurement contained only 100 milL methanol (instead of 150 milL for 5-HT).
Cortisol was assayed in all blood samples according to a method previously described (2) to verify that subjects showed usual circadian rhythms.
StatisticalAnalysis
For the assessment of circadian rhythms, the single cosinor procedure (with a period T = 24 h) was used (3,
4). The MESOR (the arithmetic
mean for equidistant data covering a full cycle), the amplitude (the difference between the maximum of the best-fitting cosine curve and the MESOR), and the acrophase (the crest time of the cosine curve best fitting the data) were estimated.
For other statistical comparisons, the Student's t-te8t was used. Results were considered statistically significant when P <0.05.
Resufts
Figure 1 shows mean profiles of platelet 5-HT and free and total plasma tryptophan. Platelet counts were also performed on all samples. The analysis revealed no circadian rhythm in platelet counts nor in whole-blood 5-HT concentration.
Cortisol determination done on each blood sample revealed that all subjects had an usual circadian rhythm of cortisoL
Discussion

Circannual variations
in mean blood 5-HT concentrations that were significantly lower in summer than in two successive winters have been described (5). Plasma concentrations of free tzyptophan were found to correlate with environmental temperature (6). Also, a pronounced circdian pattern in 5-HT and plasma concentrations of free tryptophan have been found in spring but not in autumn (7). Thus, in our study, we controlled for possible circannual variations by carrying out the experiments in winter (January to March). However, we observed no variation in the profiles of the two subjects who were analyzed both in winter and spring.
All subjects were housed in the same hospital unit during the 24 h in which they were studied, with controlled environmental temperature. We observed no significant changes in platelet 5-HT concentrations. estimates of the timing of maxima and minima are reported. Schreiber et al. (17) found that total plasma tryptophan is maximal in the first part of the night (between 2200 and 0400); Steardo et al. (18) found a peak of free plasma tryptophan at 0300. The majority of authors, however, report that maximum values of total tryptophan occur in the afternoon and minimum values between the end of the night and noon (19) (20) (21) (22) however, the variations observed in blood tryptophan concentration following the meals, though detectable, are minor (20,21).
In our study, controls were given balanced protein and carbohydrate meals, except at 0800; after an overnight fast, they had a French breakfast (a carbohydraterich meal). Results showed an increase in freeand total tiyptophan concentrations at 0900 but no variation in platelet 5-HT concentration. This is in agreement with the literature (19,28) .
We compared values obtained at the 1st hour, that is, at 1200 on day 1, with those obtained at 1200 the next day at the end of the experiment.
Variations
were observed between the 25th hour value and the 1st hour value. Concentrations decreased by as much as 5% for total tryptophan, 13% for free tryptophan, and 15% for platelet 5-HT. Such variations were noted previously (19,21), but an increase in tiyptophan was noted at the 25th hour. We have no explanation for these variations, because diet and environmental conditions were kept constant. However, the subjects had reduced physical activity because they were kept in a hospital unit during the study. The analysis showed that these variations were not statistically significant. We found no difference at the 25th hour in other measurements such as hemoglobin concentration; hematocrit;
and leukocyte, erythrocyte,or platelet counts.
The knowledge of normal variations of a given variable is essential for use of that measure as an experimental and (or) diagnostictool.In our study, with highfrequency sampling (at leastevery hour), platelet 5-LIT content was shown to vary only slightly over a 24-h period and was not influenced by meals or dark-light alternation.
Free and total plasma tryptophan had a circadianrhythm that must be considered when samples are taken for clinical and pharmacological studies.
Thus, to measure reference values of free or total plasma tryptophan, one should take blood samples early in the morning, before breakfast.
For platelet 5-HT, however, time of sampling does not appear to be critical.
